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DOWNHOLE EQUIPMENT, TOOLS AND 
ASSEMBLY PROCEDURES FOR THE 
DRILLING, TIE-IN AND COMPLETION OF 
VERTICAL CASED OIL WELLS 
CONNECTED TO LINER-EQUIPPED 
MULTIPLE DRAINHOLES 


OFTHEINVENnON 


Horiw^ wells rftvc been used extensively in hctcrogc- jq 
neouK rcservQin 10 inifinect fractures and/or to reduce the 
deinnencal effects of gas 'Ctming and waier coning, U has 
been shown that siich wells arc capable of higher oil 
production rates than vertical wcUs drilled in the same 
reservoir. In most cases, the higher productivity more than 15 
offsets the higher cost of drilUog and compledan of the 
horizontal well. Theory predicts that the use of multiple 
horitomal drainhdleA corrtspondingly multiplies the local 
weU productivity. Indeed many vertical cased wells con- 
nected to twin or mulUple horizoubl drainholes of medium 20 
(SOD-200 fl) and short (15CM0 ft) radius of curvature have 
been successfully used in compaa oil reservoirs, such as the 
Ausdn Chalk, in which open hole completion of the drain- 
holes is applicable. 

In many dasdc reservoirs, however, the suength of 23 
unconsoHdaied sands or of friable sandstones may be insuf- 
ficiem to keep horizontal drainholes open. In such a case, the 
horizontal and deviated pans of e&ch dralnhole musc'bekept 
open with a tubular liner which is tied to che venical casing 
using conventional equipment and toown assembly proce- 30 
durcs. This has been done in many different clastic reser-- - 
voin, ooniainiftg light or heavy oil. for horizontal wclis 
consisting of a single lincr-equippcd draishole. 

A patented IJ.S, Pat. No. 4,787,465 drilling and comple- 
tion technique for muluple drainholes of ultia-shon (ca. 10 35 
ft) radius of curvature has also been used in such sandy 
reservoirs, but the liners of the short multiple drainholes arc 
not lied-in to the vertical casing and their inner diameter and 
curvaiure radius are too small to allow the use of conven- 
tional logging and cleaning tools. iQ 

SUMMARY OF THE INVENTION 

The present invention addresses Lhe pmblcm of drilling, 
ceoKnlaLion and iJc-in by pressure-dghl connections to a 45 
casing of twin or multiple drainholes of medium to short 
x^us of cuTVBTUirc (typically 500 ft 10 40 ft) equipped with . 
linen of sufficient diameter to allow ihc passage of available 
well logging, perforating, cementing and cleaning tools, for 
subsequent well maintenance and repairs. 

The next step is to provide the means to bring up the 
reservoir fluids and/or to inject fluids from the surface into 
the rtservoir through the drainhole liners. Depending upon 
the mode of aploiiaiion of the well and field conditions, a 
great variety of tubing completion assemblies may be used ss 
for these purposes. The simplest, which allows only com- 
mingled flow from or into all drainholes simultaneously, 
does not even requires any addidonal cquipmem if vertical 
flow is through the casing, but ii provides nxinimum opera- 
tional flexibility wd no aafciy controls, For these rewons, 60 
oddilional equipment (at least a properly sized producdon 
Tubing or a kill string for safc^, for instance, and often a 
banger or a packa) wiU be used in the field. The tubing 
completion assembly which provides the greatest opera- 
tional flexibility and safety is that which provides a dlrta 65 
oonnoclion of each drainhole separately to a tubing, thus 
leaving the casing/rubing annulus available for other uses. 


This is the type of nibing compledon assembly which is 
included in the present inventloa. It also provides the means 
of implementing in this type of heterogeneous icservoirs the 
heavy oil recovery proGBss and the ii^jected steam quality 
conservadon process described respectively in U.S. Pat. No. 
4,706,751 and U.S. Pal. No. 5.0W,275 using some of the 
equipment described in U.S. Pat No. 5,052,481 The present 
iovendon, however, does not prtdude the use of the alrudy 
known simpler completion deaigos, whenever they arc suf- 
ficiem for the application considered. Known dements of 
downhdle equipment (valve nipple joints, safety joints, 
retrievable plugs, etc . . ) may also be added, as needed, to 
the novel Mbing completion assembly to perform specific 
additional tasks. 

Some of the leservoirs unda oonsideration, especially 
those containing heavy oil, require artificial lift 10 bring the 
production stream to the suifaoc. Iht present invention 
includes equipment providing the means of pumping pro* 
duced fluids and of injecting steam and/or other gases in 
such wells equipped with multiple drainholes completed 
with liners. Sand producdon being frequent in such reser- 
voirs, the drainholes may be gravel packed or equipped with 
saeens or subrjccied to knowj] <and consolidaiiou tech- 
niques. 

The desired well and drainholes configuration may be 
obtained either with entirely new wells or by re-cmiy into an 
existing vertical cased well, in which case the rcquirtd 
equipment and prcKedurcs are somewhat diffoenL 

In all cases it i& intended to obtain Icak^proof coimecdons 
- between the drainholc- liners and ihe verdcal casing and 
between the drainholc liners and the mbixvgs used eitha- for 
production, injecdoo end pumping. The desirability of a 
system which can be Installed in as few steps as possible and 
which can easily be cKsasscmbled during favoit work^over 
operatioQS has led to develop dowhhole equipment and 
proceduxts, which conform with proven oil field safety 
practices* 

Due to the complex nanwe of oil reservoirs, especially 
those made*up of elastic rtxks deposited in agstaled water 
(Flu vio-Dcllaic cnviroruncm. turtridiie euncnts or near shore 
sedimentation] or those resulting from eolien transport 
(Dunes), the presence of various aedimem heterogeneities 
and fractures, together with odier resovoir engineering 
considerations regarding watei/oil and gaa/oil contacts loca- 
tions, reservoir fliiid pressure and solution OCR of the 
produced oil, will diciaia various well and drainholc con- 
figurations. 

Although the most frequently applicable is that of twin 
drainholes with' their respective horizontal sections oriented 
at ISO degrees from each other, the equipmeai, tools and 
procedures which will be described are not restricted to that 
single configuration. It will beoome apparent to those skilled 
in the an that similar equipment and procedures may be 
adapted to all other multiple drainholc configurations with* 
out departing from the spirit of this invention. 

Ranked in increasing degrm of complexity, the cases of 
drilling, tie-in and completion of new wells include: 

1) side by side drainholes kicked-off from the bonom of 
8 vertical cased well, using a twin whipstock, 

2} side by side drainholes connected by inlermediaie 
liners 10 the bonom of a vertical well, 

3) side by side drainholes obtained fr^m a deviated cased 
well. 

4) stacked draiiiholes kickcd-off one above (he orthcrfrQm 
a new vertical cased well. T\wo different tie-in methods and 
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equipment types wUJ be described, one using telescopic liner 
stubs BDd telescopic coimccior tubes to tie-in and complete 


PIG. Sd, 56 and 5c are schemalie vertical cross sections of 
a well and twin drainholes, showliig difictoit posisible pump 


dw the other using micimediate cemented linere and .loeaiions 
articulated connecior tubes. Owt^tlwf-l' • 

5) use of a single pump for both dniinholes. located a«>^eS^'iS^i^lnuf^'' "'^'^ " 
the Viek-off points "los, iocaiea aDove iwo drai^oles, showing die various fluid levels is the 

reservoir, j ^ j 

BT/-5 ^_ iL 


9 conveyance ftf low GORproduclIoBstrtajBSirom each 
drainholc through a syphon to a single pump located near the 
base of an oil sump well below the kick-off points, 

7) pumping of each drainhole with a pump located ai or 
near the stan of (be horizonial segment, 

8) simultaneow injcctiori of steaa an'd/or gases into one 
duunho c wWlc producing oil and water from the other 
drainholc. as taught is in US. Pat, Nos. 4.706.751 and in 
apphcaiion No. 512,317, now U^, Pat No. 5,085,275. 

For re-cntiy into an criBling vertical cased well, modified 
eqmpment and procedures will be described, correspondim? 
to cases similar to cases 1, 2. 4, 6, 7 and 8 above 
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HG. 1 is a vertical cross section of the special casine joint 
With twin whipsiocks used in Case 1, 

FIG. U is a perspecdvc drawing showing ihc base of ihe 
reincvaWe lop whipsiodc of Case r uw 
• ^ HG;ii> is a vienical cross seca'on showing the drainhole 
uc'in 10 the casing. 

FIG. Ic is a vertical cross sccuon showing the mbinp 
completion, * 


FIG. 6a is a Bchematic diagram showing the operation of 
the pcnodic gas purgiDg system. 

HG, €h is a cross seaion of the pcrmsclcciive plug and 
Ventura used for continuous gas purging, 

FIG 7 is a vertical cross scaxon of die wbxng completion 
assembly used for dual pumps in Case 7. 

no, 8 and 8a are vertical cross seciiona of the cubing 
complcuon assembly used for Case 8, with the wcU ticS 
conOguraiion of Case 1. 

HG. 9 and 9a arc vertical cross sections of the special 
casing insen of Case Ia and 2a tespeaivcly. 

FIG. 10 is a vcnlca) cress section of the special caaing 
patch With telescopic snibs used is Case 4a. 

FIG. 11 is a schematic vertical cross section of ihe novel 
casing patch vsed for side-tracking and cementing intcrme^ 
djaic liDOT uj case 4a (second embodimenl). 

TIG, 12 is a schematic vertical cross section of the wbinE 
complcuon -assembly inchiding two aniculaied connector 
tubes for Case 8a when an oil sump is used. 
FIG. 13 is a schematic venical cross section of the upper 


pan of the tubing completion assembly for 'liuff end pu£r 

r^G"lW»^v«Ti.«i . . *^™fJ^^on of Cases 8 or 8(1 when dual pumps and a 4 

^rf- ^^cal cross secuon of ^ overshot-tyoe tool -^^ng danger ^ used. y ana a i* 

ni used m case 1- J 173 /h* 

no 2 and Zfirc vcitical cross sections showing Khe- 


3S 


n^cally the successive phases of the openuions required in 

FIG. 2* is a venical cross section of the spherical seal 
union joint used in Case 2 and in subsequent cases. 

HCa^ is "a schematic vertical cross section of a hydrau- 
Iwally operated tool for punching multiple slots into thin ao 
gauge imers. 

FIG. TJis a schemauc vertical cross section of the lubinc 
eampleiion assembly used in Case 2. 
,LF10. 3 is a venical aoss section of a special casing joint 
equipped with a driltoble packer and retrievable whiSswck « 
for dnlluig and compleu'on of the side-tracked hole of Case 

FIG. 3a is a vertical cross section of an imeimediaic liner. 
HG. 3fc is a vertical cross section of the dcviausd eased ,« 
well and side-iracked hole of Case 3, ^° 

tooU^ed'^lcL:?"' "^^"^-'^^ 


DETAILED DESCRIPnON OF THE 
INVEMTTON 


CASE 1 (TWIN WHIPSTOCK) 


PIG. 4 is a venical cross section showing the special 
casing jomi w.ih its stub extended and cemented in the 55 
reamed eavuy of Case 4. 

' ""^e **«'*Jne connection lo 

•he snibs by means of arucnlated connector mbes. 

RG. dA is a (chemaiie fiow dii^grain showing the con- 
necnon to die stubs by means of telescopic connwor " 

FIG. 4c and 4d are vertical cross sections showing tele- 
scopic eonneaor tubes respectively in the reiracted and in 
the extended positions. 

HG. 4« is a schematic vcrtica) cross section showing the 65 
tubm£ coDipleuon assembly for two paih of slacked <^ 
holes in Case A. r uiuui 


In Case 1 a venical well is drilled to a depth sliehtly 
greater than that of the eommon kick-off depth of the 
drainholes. -nie casing string. is made-up by iqcludinB a 
spttial joint .mmediandy above the conventional casing 
shoe and float colJar. TOs casing joint shown on BG 1 
includes two eUiptlcal windows (1) machined at the desired 
kick-off angle, typically about 2 degrees oriented downward 
iron the verucal, 

T^cse windows are plugged up with a diiJlable material 
(an Alumliium plate (2). for instance) machined to confomi 
with the cyhndncal surfaces of the casing. A twin whipstock 
O). of hardened metal, is securely fastened to the casing 
joint, for instance by welding. It provides a curved guidinl 
path from a guide plate above to each of the two pluMcd 
windows. For added strength, a portion of ihai curvi ^de 
may be party filled with cement (4) or other driUable 
maienaJ. nie guide plate (5). on top of the whipstock 
presents four venical cylindrical holes, two of them {« of a 
diarneier larger than that of the disinholct and two of them 
smaller. One of the smaller holes (7) 1„ Ae guide plaK (S) 
IS threaded and extends to the wMpKoek base, to provide a 
flow path to the float collar and shoe below ii Darine 
cemennng^aiions. the work string will be subbed into 
die threaded connection to inject the cement stony into the 
flrai collar and shoe and from there into the annular spaa 
bchmd die casmg. The other small cylindrical hole has a 
smoo^ bore Its function is to receive one of the alignment 
ptns (8) used to posluons and laudi a refricvable wWpstoek 

one of the two large holes to the casing side. The eombi- 
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nation of the pennanent twin >vhipstack with its retrievable 
lop providej a guide to the drainholc driUing bit through iht 
madiined window. A pcnpective view of the retrievable top 
wbipstock Bhowiiig its two alignmeai piss <8) is pre&ented 
on FIG, la. 

When the £rst drainhole has been* drilled to its total 
measwed depth, the tame whipstodc (cop and bottom paiu) 
guides the liner into the dmnhole. The lina, in the hori- 
zontal part, may be a slotted liner equipped with screens for 


larg&^ametcr short hole below, the casing shoe, from which 
the twin unall-diameter drainholes are tbea itarted, with 
opposite oricntationa. Several otber available techniques are 
also familiar to those skilled in the ait of drilling oil wells 
and ntty be used to achieve the same resulL 

Two shon (ca. 60 ft loag) intermediate linen (ISO, (20) are 
run in and sealed one in each of the deviated holes. The 
ocmentini operaa'on uses F^nan or other knows heat-hsrd- 
cncd resln^oemcnt alunies as seal. It may be perfortocd is a 


gravel packing or it may be cemented and later sclccdvcly lo single trip by making-up and ronmng-in ■! the end of ihc 


perfoi^ied. In all cases* however, the curved pan of the liner 
is cemented using known pjocedures. The tail end of the 
liner is ceniered and hung into the open large veftical hole 
in the bonom whipatock (FIG. lb\ by means of a known 
hydraulically-set hanger (9) equipped with dual sets of slips 
and pTes5ure*se[iliig seals. It is terminated by the female pan 
of a polished bore icceptade (10), which connects the liner 
to the work string used lo run-in and cement the liner. When 
the cement has sew the work sirix^ is disconnected, a recess 


work string an assembly including, as shown in ¥1C. la: 
an inverted Y tubing nipple (13), 
two spherical seal aniculaled union joists (21), one ai 
each end of the two hranehes of the.invened Y nipple. 

two liner releasing tools C22) equipped with a tail pipe, 
one for each intennediate liner string. Each tailpipe (23) is 
fined with a cup-type packer (24). which closes the annular 
space between liner and ^pipe during cement injecdon and 


in the top whipscock is latched into hooks in an overshot 20 displaocmem behind the liner, but opens during the reverse 


tool, pulled up and rotated by 180 dcgieei for prtscnuiion 
and insertion of the two alignment piss (or prongs) rcspec* 
lively into each alternate small hole in the pennanent 
whipsiock. The overshot tool is then released and pulled out. 

Drilling of the cement and plug in the second window 
now begins the drilling and liner cementing operaijons for 
the second drainholc, using the same procedurca. With the 
liner hung and sealed in the second large vertical hole io the 
permaneoi whipstock. the work siring is disconnected from 
the second polished bore ttceptade. The top whipstock is 
latched with an overshot tool and pulled out of the well. This 
completes the drainholes drilling and tie-in oporationB. 

Completion of the well (see HO. Ic) is achieved by 
making vp and running-in a tubing string consisting of dual 
tubing prongs (11) equipped with chevron seals (12) and 
connocied to the lower ends of an inverted Y nipple joint 
(13). The chevroD acals constitute the male mating pans of 
the two polished bore receplacla (10) previously installed. 
The upper branch of the invcned Y nipple joint (13) is 
conitected to a conventional mbing hanger (14) which may 
be set hydrauUcally or by wijelinc. The tubing string (15) is 
orienied so as lo sub the tubing prongs into the female pans 
of the two polished bore rccxptades. AAerlcak-tcscing of the 
.scaled connections, the tubing hanga is set and the wellhead 
is nippled up using conventional equipment and procedures. 

If the well is not naoirally flowing, aru'flcial lift equipment 
may also be included in the nibing strings such as gas lift 
valves, divcner valves, a pump seal nipple, etc. . . in the 
manner which is familiar to those skilled io the an of oil wdl 
completion. 

CASE 2 (TWIN DEVIATED HOLES) 

In Case 2, from a vertical cased well drilled and cemented 
by convcniional tccfaniques, the casing shoe is drilled out 
and two short (ca, 50 fi long) smaller diameier twin deviated 
holes are drilled ihrough the booom of the venicol well. This 
uses, for instance, a bit (16) driven by a downhole motor 
(17) connected to a bcnr sub (IB), in the type of downhole 
assembly commonly used for drilling horizontal wcUs (see 

nc. 2). 

With dev]8iioD angles of only a few degrees irom the 
vertical, the scpamiion between the two holes is only of a 
few feet ei the bonom and of a few inches at the top. 
Consequendy, it may be advantageous in some formations, 
to sian the drilling operadon by flrsi uodcr-reamlng a single 
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circulalion of mud, for cleaning after the liners have been 
released from their xespecdve latching tool. The cementing 
string with its two tailpipes is then pulled oul 

FIG. 2^ shows in detail the spring-loaded ipherical seal 
articulated joint (21). 

After this cementing operation, d)e vertical casing is thus 
lied-in and sealed to each intcnnedlue Una- over an overiap 
interval of about 10 fl Entry to one of the linen is closed by 
a temporary plug set by wirdine aod drilling of a diainhole 
proceeds through the other intermediate liner,* using a bit 
driven by a conventional downhole motor and bent sub 
assembly. 

Afta reaching mial measured depth, a smaller diameter 
liner is run*in. hung into the lower part of the Imermediate 
liner and cemented at least from the intermediate lina to the 
Stan cf the horizontal segment of the drainhole. An altmate 
method is lo use a coiled cubing as drill soiz^ and m abandon 
the bit and motor in the hole, prior to cementing it as a Hner. 
Gravel paddng and/or sand consolidation techniques may be 
used. The lower part of the liner may be slotted and equipped 
with screens. Otherwise, this pan of the liner may be 
ccmenied and selectively pcri"orai6d using known perforat- 
ing guns. 

In view of the relatively small diameier of the liner 
(lypieally less than 2.5 in.), a thin-gauged coiled tubing is 
prefciied as liner. 

Ttit annular space behind the liner may be gravel packed 
first by displaccmcni of a sand slurry, in dirw circulation, 
followed by a reverse drculatioD of the sand slurry. After 
cementing the upper pan of the coiled tubing liner, its lower 
part is mechanically .slotied by running through it, on a 
smaller diometer coiled mbiug, a hydratilically actuated 
punching tool in which multiple aniculited edge-cutdng 
wheels (25) or punches are periodically pressed against the 
innv surface of the liner to punch slots into the coiled tubing 
liner, thus opening flow paths to the gravel paciked annulus. 
FIG. 2c shows a schcmadc view of ihe hydraulic punching 
tool. Sand consolidaiitm by ixijecxion of a suitable thermo- 
setting resin as a mist in a hot gas or steam or as a suspension 
or foam in a liquid may then be applied to the gravel pack 
and cross-linked to stabilize li, with minimum permeability 
reduction. 

After removal of the temporaiy plug in the second inter- 
mediate lina, the same pnxcdures are used to drill, gravel 
pack, eement, and seleeu'vely perfoime the second drain- 
hole, thus completiivg all drilling and tie-in operations for 
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boch dxainboles. 

Well completion is achieved by make-up, nrn-in and sei of 
the Induction tubing string assembly, shown on FIG. 2d. I: 
consists of a tubiog connected to: 

a conventional hanger (14), an invened Y nipple joini (13) 
wilh each of its iwo lower branches equipped with a sphcri- 
cfl) seal union Joim (21) and a oonnccior tube (2© equipped, 
near iis end, wiih a conveniional packer (37) of Uie type 
^vbich can be set hydrauUcally or by wireline. 

The tubing is oriented so thai the tail end of each 
connector mbe pcnelrates into the upper part of one of the 
cememed intermcdiaie liners while rotating slightly around 
the aniculaUon formed by its union Joint A spreader spring. 
(28) linked lo the upper pan of each aiticulated mbe facili- 
tates its insertion into the corresponding dr^nhole liner. 

Each of the packers is then set, lo lie-in each articulated 
connecior nibc to its corresponding intermediate liner. After 
Icak-lesiing, ihe tubing hanger is then set and the well head 
nippled up. Again, suitable known anificial lift cquipitcni 20 
components may have been included in the nihing string, t 
it is expected that the well will not be flowing at an economii 
rate without gas-lift or pumping. 


8 


machined as shown on FIGi 3o so as lo oonfonn with the 
inner edge of the window (1) and its edge is equipped with 
an elliptical collar (35) made of dnllable metal, which 
conforms with the inner surface of the casing ai (he win- 
dow's edge. The outer surface of the collar is coveied with 
a rubber gasket or plasde sealing material (36) and the 
lowest part of the collar presents a key (37) which matches 
the eentral aligmncnl groove (34) in the retrievable whip- 
stock, so that the inicziDediace liner end may be oriented and 
guided to provide e dosdy flttlag comact between ihc 
dnllable elliptical coDar and the casing window's edge. The 
intermcdiaie liner is equipped with a cementing shoe and 
latched to a liner releasing tool equipped with a tailpipe and 
a cup-type packer for cementing by the aame technique as in 
Case 2. After displacement of the cemem sluny behind the 
liner, a ball or plug is dropped to dose the shoe and casing 
mud pressure is increased to firmly apply the driUahle collar 
against the inner surface of Che casing, while reverse ciicu- 
latian 15 established through the tailpipe to remove any 
excess cement. 

j'^uicj^^j^r the c^ent has set and the cementing string has been 
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CASE 3 (DEVIATED CASED WELL) 
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In Case 3, a vcnical well is drilled, with iu lower 50 ft 
-deviated ai the angle required 10 kick-off a horiwnta] 
drainhole and oricnied in the direction selected for the 
drainhoJca. A special casing string is made-up, nin-in and ^ 
cemented by known techniques into the vcnical and dcvj. 
Bted ponions of the hole, 1 1 consits of a' shoe, a float coll ar ' 
and a special casing joint (FIG. 3) located at a depth slighUy 
above that of the start of the hole deviation. This casing joint 
presents an elliptical window machined into the casing with 
a downward orientation of a few degrees from the vertical. 
The window (1) ig again plugged off with a drill able plate (2) 
made, for insunce, of a soft meial and shaped to generally 
conform with the casing surfaces. The plug isw.flrmly 
attached to the casing by means of drillable fasteners (29). 
- Its orientation is also indicated by a vertical drillable key or 
groove (30) in the casing joint inner surface at or near its 
lower end. J 

After displadng die cement shiny behind the casing, the 
string is rotated to oricm the plugged window in the diiec- 
Uon opposite to thai of the deviated portion of the hole. This 
is done by marking the window direction on all the uphole 
joints of the casing, up to the rig floor. After the cement has 
set, a whipsiock drillable packer (31) is run-in and set below 
the special casing joint ai a predetermined depth. A retriev- 
able whipstock (32) is then oriented towards the plugged 
window, using the casing joint's orientation key or groove, 
fitted in a matching groove or key in the whipstodc's outer 
cylindrical surface. The oriented whipsiock presents a 
curved guiding surface which matches the depth, width and 
orieniation of the window, so that a eide-trackcd hole (33) of 
diameter smaller than the casing ID may be kicked-off by 
drilling the window plug. The hollowed curve of the whip- 
stock also presents a central alignment groove (34) corrc 
spending to the lowest point of the dliptical window (i). 
The base of the whipstock is preferably equipped with a 
rubber cup for catching excess cement during later opera- 
lions. 
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. fled out, the ouict saw-iooih grooves (38) of the whip- 
stock are latched into an overshot tool equipped with a 
milling edge to drill out the dliptical collar (35) and the 
whipstock is pulled ouL The supporting whiptock packer 
"(31) is also drilled out and pulled out with the overshot 
nulling tool, which also is equipped ai its lower end with a 
suitable packer-latching device.. These operations leave ftill 
openings in both the deviated casing and the side-tracked 
imermediare liner. Boih of ihem provide a rdaiively large 
deviated casing and a slighdy smaller liner to be used as the 
respective starting points of two drainholea, in the same way 
as in Case 2, but the diaiahoJe diameters and that of thcU 
respecdvc liners may be grcalcr than thai of Cases 1 or 27] ^3 

Uner gravd paddng. cementation and liner hanging 
respectively in the deviated casing and in the side-tradced 
intermediate Kner may-be done either as in Case l or as in 
Case 2, depending upon the drainhole diameter. 

Well completion is done as in Case 2, cxccpfi that the tie-in 
of the articulated connector tubes may be obtained dther 
with packeni, as in Case 2 or with polished bore reccpiades, 
and seals as in Case 1. 


CASE 4 (STACKED DRAINHOLES) 

In Case 4 the drainholes are stacked, one above the other, 
so that the ftiU diameter of the casing is available as a 
starting point for cadi drainhole. Hoc again, a spcdal 
50 casing joint (or joints) now presenting two dliptical win- 
dows at two different depths and oriented with opposite 
bearings, is included in the casing string during make-up to 
provide the starting points of the drainholes. 

In a first embodiment (FIG. 4), the drillable plugs dosing 
Uie windows during mn-in are located at the ends of tde- 
Rcopic liner smbs (39) oriented downward at the kick-off 
angle (typically 2 degrees). Each plugged anib is later 
hydraulically extended into an under-ieamed portion (40) of 
the vertical hole filled with cement sluny during the casing 
oementaiion, to serve as guide for a bit driven by a downhole 
motor connected to a bent sub in a conventional drilling 
assembly. Each of these two stubs is supported during run-in 
and guided during its outwards extension by two mbolar 
guides or cages made of drillable metal. One of them (41) is 
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cantilcvcrcd sliding iniemal cuppon to Lhe extended saib^ 
Tbe upper end of the stub is lenrnoBCed by a diilloble collar 
OS) and £&&)cei (37) as in Case 3. 

For 7 in. OD liner stubs ai &2dcgTte angle in a 9Vtin, OD 
casing the elliptical easing window would be 200.6 in. by 7 5 
in. For a 30 in. ID reamed cavity, Uie total stub extension 
length is about 286.6 in. and the. smb xnaxiinuni longLh is 
about 467.2 in. Tfaia is because both ends of (he iiub arc 
machined to conform with the dlipilcal window, leaving in 
(he middle a length of about' 86 in. of mbuler ocgmcnL TMb • iq 
• length is sufficient 10 provide tic-in both with the cemented 
drainhole liner and also with a connector cube linked to the 
tutaiDg. With the vertical cadlng and extended snibs 
cemented, drilling of the extension guides end other inter- 
nalj leaves two 7 in. OD stubs 15 pockets ^ni which to Stan 
drilling tbe drainholcs, using the usual bent sub and down* 
hole motor assembly including the navigation Bysiem for 
angle build up and directional contrt>l. The tint step is to 
drill out the stub's end plug. After reaching total measured 
depth, a liner assembly is made-up and nin-in through the 
stub. Grave) packing and cemendng of the uphole liner 
proceed as in Case 1. The upper end of the liner is centered 
and hung into the lower pan of the srob. It is also tcrminaied 
by the female pan of a poUshed bore receptacle. Tbe work 
stiing is disconnected from the polished bore leceptadc and 
pulled ouu Tbe soxne operations an repeated for the second 
drainhole« leaving the well ready for tubing completion. 

The tubing completion assembly, shown on FIG. 4a, again 
includes a mbing hanga (14), an invcned Y nipple joint 
03), two spherical seal union joints (21). each tenuinated by 30 
a connector tube stinger equipped with-cbevxon seals (12). 
A bow spring (28) between the two stingers farilitatc$ their 
entry into the stubs where they are mated with their respec- 
tive polished bore receptacle (10). After .leak testing of the 
connections, the.tubbg hanger is set and the w^i head 35 
nippied up, as in Case 3, The bow spring may be compressed 
during run-in and released by a suitable wireline tool when 
reaching iht'pnjpcr insertion depth for the connector tubes. 
-This provision is especially useful when simultaneously 
connecting more than two connector tubes. In another 40 
embodiment, shown on FIG. 46, connection of the tubing to 
the drainholcs is by means of telescopic connector lubes 

(43) . These arc located in cylindrical cavities (44). con* 
necttd to the two vertical lower branches of the inverted Y 
nipple joint (13) at the kick-off angle. The' lower end of each 45 
connector tube (43) is eqtiippcd with chevron seals (12). 
supplemented in some cases by an end to end spherical 
meul/meial seal (45). A spring (47) triggered from the 
surface by hydraulic or wireline means strongly applies the 
extended eormector cube's spherical end against a .coirc* 
spending spherical cavity forming the bottom of Che pol- 
ished bore receptacle (10) to provide this metal/metal seal. 
In FIG. 4e. the connector nibe is locked Into its extended 
position, but may be it iiacted inside the cylinder body by 
shearing off the laich pins (46) with s wireline tool as shown 
in FIG. 4^, when it is necessary to disconnect and pull out 
the tubing for a well work-over. The upper end of the body 

(44) is equipped with dogs which bile into the inner surface 
of the casing when the telescopic connector tube is f\illy 
extended and pressed against tbe bottom of the polished bore ^ 
receptacle. It will be apparent to those skilled in the an that 
this is only one of many possible ways of achieving both a 
spring-loaded metal/noetal seal and anchoring in the 
extended position of the telcseopic tube while providing 
means for iu eventual retraction and pull out. The invention 
Is not limited to the example described herein. 

In yet another Bmbodiment, the casing includes two 
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special joints of the type used in Case 3. located one above 
the other, separated by an interval sufficient for setting a 
packer and the two plugged windows oriented in opposite 
directions. Again, as in Case 3. a drillable vhipstock packer 
is set below one of the windows. The mrievable whipstock 
is latched into the packo* and drilliiig of the window and 
side-tracked hole proceeds. A shon intennediaie liner, as in 
Case 3, is run-in through the window and cemenfied. The 
procedure, repeated for both windows, leaves two side- 
tracked intermediate liners from which the drainholes arc 
drilled, and thcdr liners are hung find cemented. After drilling 
out the drillable eUiptical collar of each cemented interme- 
diate liner, the entire casing space is available for installing 
the Mbing coroplcdon assembly. 

The previous embodiments which leave full access to the 
stacked drainholes also allow to drill, gravel-pack, sod tie-in 
any number of drainholes, equipped with cemented liners, 
one above the other, by using as many sniba or intermediate 
liners as there are drainholes. 

l^e comnungled production from all drainholes may- be 
discharged into an oil sump formed by the casing below a 
production packer and pumped to the surface through a 
single production nibing. The pomp location in the tubing 
may be above the packer, or below it in a tailpipe niUng 
ezienaion* ^th sudi a simple cubing completion assembly, 
the access into each of the drainholes of logging or dcaning 
tools is obtained by means of a suitable kick-over tool of 
known design. 

' The tubing completion assembly may also be tbe same as 
in Cases 2 and 3. which provide a continuous path from the 
surface to each of two twin druinholea, and greater opera- 
tional flexibility. 

The types of mbing compledon assemblies including 
telescopic connector tubes or aiticulaied conmcior tubes, 
descnbcd above for two stacked drainholes, art aleo appli- 
cable to more than two stacked drainholes. Lfthe drzinholes 
are grouped by pairs, coiihected to a single pitsduction 
tubing, the number of parallel tubes in the casing at any 
depth is reduced to only three, as shown on FIG. 4e. Thc&c 
are: 

the two mbings connected to the lower branches of Uk 
inverted Y nipple joint (13), for a given pair of drainholes, 

the prtiducEion tubing extension (4S) leading to the other 
drainhole pairs below the first one. 

This number may be increased to four if the hythaulic or 
jet pump is located below the top pair of drainholes and if 
the tubing carrying the power fluid to the punip Is paraUel 
with the production mbing, but the number of possible 
Blacked drainholes. which is only limited by the casing 
length, may be much greata. 

CASE5(ARr[FiaALLIFT) 

In all previpus cases, it was assumed that reservoir 
pressure and produced gas expansion art sufficient to con- 
vey the production stream to the surface, or at least up die 
curved portion of each drainhole (up 10 500 ft high) without 
excessive reduction of the total pressure draw down, so that 
a single artifidal lift system providing suction at the base of 
the production tubing can be used for both drainholes. This 
may be a conventional ga$*lift valve supplied viib com- 
pressed gas through tbe casing/cubing aruiului. Conversely, 
the production streaiu may be conveyed to the surface 
through the annulus while lift gas is supplied tfarough the 
mbing. In that event, a packer must be added to the nilnng 
hanger, a divener valve must be included in the tubing above 
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the packer to convey the production stream to the annulus 
and a plug must be located in the tubing between the open 
diveiter valve and the bottom gas»lifc valve. 

Similarly, the commingled production scrtam from both 
drainholes may be pumped to the surface through the tubing ^ 
Of through the annulus using knoivn types of pumps. These 
can be mechanically aauated by sucking iuds« by rotacing 
rods (progreasivc cavity pumps) or ihey can be actuated 
hydraulically. Jet pumps may also be used as well as 
electrically driven subrneisible pumps. Pump selection cri- 
teria and the imponence of an optimum depth of the pump 
in the well are well known from those skilled in the an. The 
pump may be anchored either in the tubing or in the annulus. 
dcpoiding upon reservoir end well conditions, including the 
need to handle gas or sand production, 

It is one of the main advantages of connecting two or 
more di^nholes to a single vertical well to allow the 
possibilty of using a single pump (49) as in FIG* 5fl for all 
the dzainholes, thus ledudijg capital and operating costs of 
pumping the production streain. 

It win be shown later (hat this possibility is, however, 
limited in the case of some unde^pressured rescrvoin. Well 
completion equipment and novel assembly procedures have 
been developed to extend the possibility of using a single 
pump by locating it, as in FIO. 5£r. below the drainholes 
kick^ofif points. Finally, special equipment and methods are 
described for the instdlau'on and use of a pump in each 
diainhole, if necessary, as in FIG. 5c. 
. . . .These considerations on anificja] lift are equally appli^ 
cable to new wells and to the re-entry imo an existing casing, 
to vertical as well as to deviated cased wells. 


"^^ilio^t^^^^ under-prtssured resei 
L^r^ ^ reservoir energy may be in 
tion stream up to a pump o] 


CASE 6 {FLOW THROUGH A SYPHON) 
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reservoirs containlog low OOR oil, 
1 insufficient to convey the produc- 
tion stream up to a pump or gas lift valve located above the 
kick-ofi^ points of the drainholes. The difference in elevation 
between such a pump and the fluids -encry-poinu in (he 
horizontal pan of the djainholes is greater than the drain- 
holes radius of curvature, which may be up to 500 ft. In 
addition, there are significant friction pressure drops through 
the horitonial and curved ponions of small-diameter liners, 
which may reduce the calculated net flowing fluid head at 
the pump (49) inlet to a value below the required minimum 
NPSH of the pump. This indicates thet cavitation is likely lo 
occur in the pump, with highly detrimental erosion effects 
and a reduced flowraie. To alleviate this problem, flow from 
each drainhole may be dinecced to an oil sump (50), with the 5q 
pump lakitjg suction at or near the bottom of the sump. The 
top of the sump is closed by a packer (51) a short distance 
above the highest kick-off point. It constitutes the apex of a 
kind of syphon (see FIG. 6) for each drainhole. For very low 
GOR oil, frequently present in under-pressured roanue res- 
ervoirs, the flowing pressure at that point may itiU be well 
fibovc the bubble point of the produaion stream, so that the 
risk of cQvitarion and break-up of the dc-cclcrating hquid 
stream at that point is much less than it would be In a pump 
at the same location. The flowing pressure at the apex, plus 
the liquid head in the sump, provide a pump suction pressure 
exceeding the minimum NPSH reqoirad, thus elimioaUng 
the risk of caviiaijan in the bottom pumgj^^^ 

Instead of a pump, an intemdnent flow gas lift system 
may also be used for the same purpose. In this known 65 
.system,..a.gas. piston lifts an oil .slug up the tubing aAer the 
standiog vajve at the bortom has dosed. This is ojuivaleni 
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to a beam pump, but mere tolerant of sand production. 

The drilling and (ie-in equipment and procedures are the 
same as in Cases 1, 2, and 4, except that a sump is drilled 
and cased vertically below the lowest ladk-oS point. In 
Cases 1 and 4, that sump may be created by placing the 
special casizxg joint well above the casing shoe. 

For the Case 1 configuradoiw the casing joint shown 
previously on FIG. 1 is modified as fbllaws: 

1) The threaded small hole (7) in the bottom twin whi]>* 
sioc^ of Case 1 is extended below with a lailppe which is 
used first to bring the cement sluziy to the shoe, during 
casing cementation. The bottom pan of the tail pipe also 
includes a pump latching nipple JoinL 

The threaded small hole is also extended above with the 
female pan of a polished bore itcepiade to later receive a 
tubing sunger equipped with chevron seals, so as to extend 
the tailpipe upwards by a production mbing through a 
sealing conneaion. 

2) The smooth bore second small hole is drilled through 
the bottom wMpstock, to provide a flow path for the pro- 
duced fluids into the oil sump below it. It may be supple- 
mented with other small holes to provide a sufficiently large 
aoss section for the low velocity liquid flow in the down- 
ward leg of the syphon. 

The polished bore receptacles lermonatii^ the cemented 
drainhole liners may be omined, the lazge vertical holes 
providing a natural guide for insercizvg logging or cleaning 
tools into the liners. 

'In addition, the tubing completion assembly is modiflcd to 
consist of: 

a) a production tubing, 

b) 8 dual string production packer, with a retrievable plug 
in its short string. The main puipose of that string is to 
provide evtotual access to the sump for inserting logging or 
cleaning tools into the drainholes below the packer. A 
secondary purpose of the short string is lo provide a pump 
by-pass flow path which may be periodically opened to let 
any gas accumulation below the packer escape upwards by 
buoyancy, while re-fll)ing the sump with de-gassed liquid 
from above the packer to maintain continuity of the liquid 
stream through the syphon. Periodic -gas plugging operations 
may be automatically controlled from the surface. For thai 
purpose, the rtuievable plug in the short siring is in fact a 
conventional wirdine retrievable subsurface safety valve 
(F1C. 6q)^ in a normally closed position but operated by 
known hydraulic or electrical means whenever the presence 
of a small gas cap is deieaed below the packer. Detection 
means may be direct, using loiown liquid level sen son or 
indirca, by continuous monitoring of the pump efficiency. 
Continuous gas purging may otherwise be obtained by using 
a wireline plug including a pennseledive membrane (52), 
which allows continuoos diffusional gas migtaiion upwards, 
under a gas pressure gradient across the membrane, created 
by Q relricveblc venniri (53). located ai the exit of the 
production tubing into the larger aoss secrion of the casing 
annular space. The membrane also prevents liquid flow 
downwards (see FIG. ^). In this system, the energy sup- 
plied to the pump serves three purposes: 

1) to bring the gas-free liquid stream from the pump to a 
point above the packer, and 

2) to operate a son of gas ejector pump to re-mix the 
produced gas with the liquid stream b the casing/tubing 
annulus, above the packer. 

3) to lift the mixed Hquid and gas stream up the casing/ 
cubing annulus to the sepanrcor. 
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Suitable permsdecdvc plug materials include, bui are not 
limited io: ch&reoal, ^glomcrated carbon black, com- 
pressed powdertd nuneral adsorbents, ubesios felt, etc. . . 

The long string, in the dual string pacto, extends bdow 
the packer with a stiivgcr equipped viih chevron aealft which ^ 
ifl stabbed into the polished bore receptacle threaded into the 
top of the sniall bole (7) of the modified novel casing joint, 
thus providing a connectioo the production tubing to 
the tailpipe, is which a pump i» id 

Aiod suing or a power fluid nibing string is then in&ened 
from the surface within the production lublng and consecied 
to the pump. 

In this configuration, the flow frain both drainholes is 
discharged into the sump below the packer and flows down- 
wards through one or several holes in the whipstock, to 
reach the pump inlet at the bottom of the tailppep to be 
discharged, at a higher pressure, into the production tubing 
and from il to the casing annulus leading to the surface. 

Id cases where the cued weU effluent flows into a very 
low pressure acparaior, the packer may be omitted if the 
produccion tubing extends to the surface, so thai any gas 
coming out of solution at ihe apex of the syphon freely 
accumulates in the casing/tubing annulua, forming a low 
pressure gas cap extending up to the casing bead. Gas 25 
pujging of ihc casing to maintain the gas cap at the required 
low pressure is then accomplished through a conventional 
gas re-mixing valve at the surface, upstream* of the low 
pre&sure separator inlet. 

~* In the conSgurBiion of Case 2, after drilling and cie*in of so 
the twin drainholes, a third hole is drilled venically and its 
liner is cemented 10 provide the dl.sump. The tubing 
completion assembly now consists only of a production 
cubing, a dual string packer with its short string again dosed 
•with a retrievable gas-puiging . plug end the production 35 
tubing and pump extending below the packer for insertion 
imo the sump. 

In the configuration of Case 4, the casing now extends 
bdow the special joint (or joints} to form the oil sump. The 
tubing completion* assembly is tKc 'same as above: a pro- 
duaion tubing, a dual string packa with its short string 
temporarily plugged off and the producuon tubing extcoding 
below the packer, with a boilom pump. 


CASE 7 (DUAL PUMPING) 
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In low pressure rcscrvoin containing relatively high GOR 
oil, the risk of cavitation ai the epcz of the syphon may be 
too great, so that the use of a syphon is no longer possible. 
In some vet>i heterogeneous reservoirs, it is also possible 
that the productivity indices of the two drainholes are widely 
different. In those caacs, it is preferable to equip each 
drainhole with its own pump sized to, maximize tola] oil 
production. Tbc same is true if one of the drunholes is more 
prone to gas coning or water coning than the other. 5^ 

Progressive cavity pumps driven }jy rotating rods and 
hydraulic or jet pumps driven by power fluid operate satis- 
factorily in highly deviated wells, A pump anchor nipple 
joiDt is included in the liner string, at the selected depth in 
the curved portion ofeachdiainhoile. The production rubing 60 
diameter must be increased 10 provide space inside it for the 
power fluid tubing strings or for the rotating rod strings. 
Another alternative is to insert the power fluid tubing or the 
rotating rod string into the drainhjolc liner through a side 
eniiy in each of the lower bnmcfaes of tbc inverted Y nipple 
joint. In that case (see HG. 7),. a short conduit. (S4) leads 
from the top of the tubing hanger (or packer) to the side entry 


point to facilitate tbc insadon of the power fluid tubing or 
rod string from the anoulus space into the drainhole liner. 
This xtquiits corresponding modifications of the Y xdpple 
joint (13) and of the mbing hanger (14), or packer (51). 

CASE 8 nnJFF AND PUFP" MODE OF 
OPERATION) 

In heavy oil re&ervdra, it ia advanugeous to operate the 
twin drainholes in sequential "huff and puff** steam injecuon, 
in which one drainhole is under injecdon while the other Is 
under prodiiction. For surfacfr-generated fltcam, the produc" 
tion tubing may be replaced by an insulated steam tubing. A 
downbolc.three^way retrlevaUe valve of the type descnbed 
and claimed in U^, Fat. No. 5.052,482 is requiied in each 
lower tubing branch below the invened Y nipple joint, This 
is done (FIG* 8 and 6d) by adding ft valve nipple joint (55) 
in each branch with its control hydraulic line (56), strapped 
on the outer surface of the insulated steam tubing (57). In its 
axial fiill opening position, the valve conveys steam firom the 
tubing to the caresponding drv'nhole. In its side openlitg 
position, the valve dischaiges the production stream from 
the drainhole liner into tbc casing annulus space. I^om them, 
the produced fluid may be pumped to the snrfaee or gas- 
liftcd. 

The oame well completion type is also apphcable to 
reservoirs subjected to "huff and puff" injection of solvent 
gases, such as C02, which arc known to also reduce oil 
viscosity, but to a lesser degree than steam injection. In such 
cases, artificial lift of the produced fluids may be unneces- 
sary. 

If the reservoir pressure and/or produced GOR are suffi- 
cient to bring the oil up to the ldck^)ff point of each 
drainhole^ the pump is hung in the annulus casing/steam 
tubing, above the kick-off poims. 

If, however, the heavy oil itservolr is also under*pies- 
surcdi as, for instance in California's Midway Sunset field, 
the pump may be located at the bottom of an oil sump as in 
'Case 6 or it may be located within each drainhole liner as in 
Case 7. The tubing completion will be modified accordingly^ 
as will be shown later. The lypc of pump used in that case 
must allow easy disconocction from its seal, when Die 
drainhole is switched from the production mode to the 
injecu'on mode. For this reason Jet pumps, hydraulic pumps 
and progressive cavi\y pumps are preferred in that case. 

For under-pressured heavy oD rcscrvoin in which the 
drainhole production flows through a syphon (Case 6), the 
tubing completion assembly in which telescopic or articu- 
lated connector tubes are used to connect the steam tubing 
to the drainholes, the packer may be a three or four string 
packer, dependii^ upon the location of the invened Y nipple 
joint with respect to the packer. With the Y nipple joint 
below the packer, only three strings are connected to the 
bottom face of the packerithe upper branch of the Y, the 
production tubing extending into the oil sump and the short 
string with its retrievable plug, lb inoeue the packer depth, 
and, conespondingly that of the apex of the syphon, the 
invened Y nipple joint is located above a four string packer, 
in which two of the strings are connected to the lower 
branches of the inverted Y, the third string is connected to the 
production tubing cactcnding into the oil sump and the fourth 
string is the tempoiBrily plugged^ff pump by^Mss. The 
producdon tubing may end just above the packer without 
reaching the surface, if the production fltrt»m flows through 
the caiing/steam tubing, azurulut.,. 

With steam geucraied downhole, together with permaocat 
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gases (CH4, H2) using the equipmeni described and claimed 
in U.S. ?ai. No. 5,052,^1 it is preferable to iojeci ihe steam 
md gases through the side opening of ihe dovnhole three- 
way vQjve into one drainhole, while oonvcyini the produc* 
tjon stream from the other draiohole to the centra) produc- 5 
iJon nibing through the axial full opening of its dovnholc 
valve. The equiptnent and procedures for drilling, grave] 
packing, cenientation» tie-in of muldple drainholes and for 
their rulnng compleliOQ, previously desaibcd, ait also appli 
cable with some minor modifications which wiU be indi 
caied later. 

It wDl be apparent to those skiUed in the art of oil weU 
design that it is sot possible to cover all the situations 
cncouniercd in all reservoirs, because of their infinilc diver- 
siry, but that the equipment and procedures described herein 
lend themselves to a vcy large number of combinations and 
permuiaiions, which arc capable of addreasiag most situa- 
tions in which multiple horizontal diainholes may be advan- 
tageously used. Such combinations and permutations, which 
are obvious to those skilled in the an, do noi deciaci £rom the 
spirit of ihe present invenu'on and are included in it. 20 

RE-ENTRY INTO AN EXISTING CASED WELL 
(WORX-OVER) 

The cost of drilling and cementing the vertical cased well 
is a large portion of the total cost of a well presenting the 24 
genera] configurations described above. Re-entry into an 
existing cased well for drilling, gravel-packings cementation 
and liner lie-in of muldple dndi^olcs is a cosi-effccdvc way 
of increasing pnoducllviiy. 

If the existing cased well already presents a suitable 30 
deviadon for the use of Case 3 procedures, the absence of a 
pre-established window in the casing string may be rem- 
edied by rmlling a side-track window using available tapered 
mills guided by tbe novel reirieveble whipsiock latched in a 
drilUUc whipstock packer set slightly above the deviation 35 
depth* The procedures and equipment, other than the special 
casing joint, are then the same as in Cqsc 3, provided thai 
known downhole oricniaiion surveying methods are used to 
remedy the absence of pre-dclcrmined alignment keys or 
grooves in the casing. 

In most fields, however, the existing casing will be 
esscndally vcnical, so Cases 1, 2, 4, 6, 7 and 8 will be more 
relevant. 
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The procedures of Case 1 may be used if a twin whipstock 
inscn of diameter less than the driR diameter of the existing 
casing is runon, hung in the casing and cemented at ihc 
selected depth above a plug permanently set in the casing. 
The oriented insert (FIG. 9), is held by a known packer/ 
hanger (5«) set hydraulically or by wireline tools. The 
hanger's slips are preferably located in the lower part of the 
insert below the diainholea so as to avoid any intciferrace 
with them. Here again, elliptical windows will be milled in 
the existing casing using tapered mills guided by the twin ^5 
whipstock O). 

In another embodiment (FIO. 9a), the banger slips are 
located above the twin whipstock, so that the casing may be 
entirely mlUed over the depth inrcrval of tbe windows, 
covered by the twin whipstock (3). ' 60 

CASE 2c fnVIN DEVIATED HOLES THROUGH 
MILLED CASING INTERVAL) 

The plugged casing is milled over an interval sufficient to 
<lriU the sidetracked sianJi^g holes of Case 2 (FIG. 9a), 6S 
Starting of the boles with a bent suh/downhble motor 
assembly may again be facilitated by first under-reaming 


that interval. Following these preliminaiy operaiions, the 
work proceeds as in Case 2, using the sane equipment, tools 
and procedum. It wiU be apparent to those skilled in the art 
that the use of coiled ublngs as liners and their subsequent 
in^sini mechanical slotting are equally applicable to any 
other case. 

CASE 4a (STACKED DRAINHOLES IN MILLED 
CASING) 

The existing casing is milled out and the hole is under- 
reamed to 0 diameter of about 30 in. ova- the depth intervals 
conesponding respectively to each drainhole start A casing 
patch is then run-in and fastened to the casing by means of 
hanger slips (59) above and below the lower milled-out 
interval, litis embodiment is shown on FIG. 10. 

The casing patch presents close similahties with the 
speda) casing joint of Case 4, excqit that fls outside 
diametei must be less than the drift diamets of the catlsting 
casing and thai its outer surface, opposite the pli^ged 
telescopic smb (^) is now covered by an exteinal rubber 
packer (60), which, when inflated with cement slurry 
entirely fills the reamed cavity. A suitable device including 
shearing disks also allows to iryea the cement sluny in the 
two overlap (61) annular spaces between casir^ and casing 
patch hangers (14) above and below the cement-filled blad- 
der, during the bydiaulically-contrDDed extension of the snib 
into the sluny filling the rubber bladder. Ae in Case 4, tbe 
stub (39) is supported and guided during its extension by a 
fixed guiding cage (41) and a mobile inner guide (42) which 
penetrates only half way outside Ihe casing, Added support 
and guidance is also ptrovjded by severBl cables (62) 
attached to the rubba wall and pulled under faydiBulIcally- 
controlled tension from a drillable drum (63) through 
inclined holes (64) in the casing patch wall, at various 
locations around the machined edge of the elliptical window 
(1) through which the stub is extended, 

Wiib (he rubber bladder fully inflated and pressed against 
the reamed eavity wall (40), the taught cables provide 
additional guidance and support to the stub (39) in its fully 
extended position. The drillable guides arid the tail-end 
drillable collar (35) of tbe stub arc drilled-out alter the 
cement has set This restores the vertical cased well to a 
diameter equal to that of the casing patch drift diameter. 

A second casing patch is run*in« oriented, hung and 
cemented, with lull extension of the second stub into the 
upper reamed interval, thus providing the stan for the second 
drainholc. 

Drilling, gravel packing, liner hanging end cementing 
procedures for both drainboles are identical with those of 
Case 4. The tubing completion assembly equipment and 
procedures m also ihe same. 

The embodiment of Case 4 in which tie-in of the drain- 
holes is by means of intermediate linera inserted and 
cemented in sid>tracked holes drilled through elliptical 
windows by guiding Ihe bit with a retrievable whipstock set 
in a drillable whipstock packer may also be adapted The 
absence of pre-establisbed windows plugged with drillable 
metal may be remedied in several ways. 

The first method calls for milling each elliptical window 
into the existing casing with a tapered mill guided by a 
suitable retrievable whipstock. Hie whipstock required to 
mill the lowest window and to drill and complete the lowest 
drainhole is set and oriented in a packer, as in Case 2a, The 
whipfitocks used to mill the other windows may then be 
stacked, each into the adjacent lower whipstock and oriented 
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